Abstract This study was conducted to investigate the effects of inulin (0, 2.5, 5, and 7.5 %), maltodextrin (0, 15, 20, and 25 %), and different drying processes (one-and two-stage drying) on the morphology and physicochemical properties of regular and instant reduced-fat creamers. The present study showed that the drum-dried creamer containing 0 % maltodextrin and 0 % inulin was fully sticky powder with dark brown color. It was found that the maximum increase in maltodextrin (from 0 to 25 %) and inulin (from 0 to 7.5 %) resulted in the creamer with the highest glass transition temperature and the lowest stickiness among all formulated creamers. The application of two-stage drying involving fluidized bed drying resulted in further improvement of the glass transition temperature and stickiness of the reduced fat instant creamer. The instant creamers obtained from two-stage drying had considerably higher glass transition temperature and lower bulk density than the regular creamers from one-stage drying. Such improvement could be due to the reduction of bulk density induced by fluidized bed drying. This might be because of higher porosity of the creamer particles after agglomeration. The current study revealed that the addition of high amounts of inulin and maltodextrin also played a significant role in the reduction of bulk density and further improvement of glass transition temperature (T g ) and solubility of the reduced fat creamer. The instant reduced fat creamer containing 25 % maltodextrin and 7.5 % inulin had the most desirable characteristics among all formulated creamers.
Introduction
The consumer is usually very sensitive to any lumping, stickiness, caking, or difficulty in discharging the powder from its container. The high stickiness and caking issue can significantly result in low production yield. Such stickiness and caking issues are mainly due to the low glass transition of the powder. Typically, the powder particles become sticky at 10 to 20°C above its glass transition temperature (for a known moisture content) (Adhikari et al. 2003) . The glass transition temperature is known as Bthe sticky point.^The stickiness is usually due to the molecular mobility of the amorphous components within particle surfaces (Fitzpatrick et al. 2007 ). The glass transition temperature (T g ) is normally defined as the phase which the amorphous particle transfers to the crystalline form (Ren et al. 2010 ). There is a reverse correlation between the surface stickiness and glass transition temperature (T g ) of the amorphous powder (Chung et al. 2000) . As stated by Ren et al. (2010) , T g is significantly affected by the thermal behavior of the material and presence of residual water or other plasticizing substances.
In recent years, there has been an increasing market demand for powdered coffee creamer due to it fresh-like taste, convenience, and long shelf life. Coffee creamer called as Bcoffee whitener^or Bcoffee sweetener^is liquid or granular substances intended to substitute for milk or cream as an additive to coffee or other beverages (Kelly et al. 1999) . A desired coffee creamer should remain physically stable during the storage, and its viscosity should be constant all over the time (Oldfield and Singh 2005) . They also explained that it should be dissolved rapidly in the hot water without separation as well as provide a good whitening ability after adding to hot coffee or similar hot beverages. The major components of coffee creamers such as edible fat, protein(s), and sweetener usually are amorphous components with low glass transition temperature (T g ). They can considerably affect the physicochemical properties (such as glass transition temperature) of the powder, thereby inducing stickiness and caking issues in the creamer.
One of the strategies to minimize the stickiness and caking issues is the application of fat replacers for coffee creamer, which can reduce the moisture content and increase the glass transition. Maltodextrin is a carbohydrate polymer composed of D-glucose units with dextrose equivalent (DE) of less than 20 (Uthumporn et al. 2010) . It has been used in several products as dispersing aid, flavor carrier, bulking agent, thickener and fat replacer (Descamps et al. 2013) , volume enhancer, texture modifier, product shelf-life extender and encapsulation matrix. Inulin is a non-digestible prebiotic dietary fiber (Glibowski and Bukowska 2011) which is used in the current study as a fat replacer. It has chemical composition of β(2, 1)-linked fructosyl residues and usually ending by a terminal α-Dglucopyranosyl group (Ronkart et al. 2007 ). Inulin has attracted much attention in the food and pharmaceutical industries these days because of its multiple functions as a sweetener in combination with high intensity sweeteners (Hursh and Martin 2005) , fat replacer (El-Nagar et al. 2002) and dietary fiber (Kim et al. 2001) .
In this study, the effect of two different drying processes (i.e., drum drying and fluidized bed drying) on flowability, stickiness, and caking issue of the reducedfat creamer was investigated. Drum-drying technique has been widely used in bakery goods, beverages, cereal, and dairy foods (Pua et al. 2010) due to its several advantages such as high drying rate and low production cost as compared to other drying techniques (Vega-Mercado et al. 2001) . Furthermore, a fluidized bed drying is another drying method that is applied in the current study. It is a useful method for both sensitive and non-sensitive products with large particles and particle clusters and proper flow characteristics (Chen and Özkan 2007) . The aim of the present study was to investigate the effects of drying procedures (one-and two-stage drying), inulin, and maltodextrin on the moisture content, bulk density, morphology, solubility, and glass transition temperature (T g ) of regular and instant reduced-fat creamers. The main goal was to reduce the stickiness and caking issues and improve the flowability of the reduced-fat coffee creamer. It was hypothesized that the application of inulin and maltodextrin as well as agglomeration by fluidized bed drying might be a useful strategy to reduce stickiness and caking issues in the reduced fat coffee creamer.
Material and Methods

Chemicals and Materials
Samples were prepared by using the following components. Maltodextrin (DE = 10) was purchased from Roquette Freres Co. (Lestrem, France). Inulin (PubChem CID 24763) was supplied by Cosucra Inc. (Fibruline Xl, Warcoing, Warcoing, Belgium) . Silicon dioxide (PubChem CID 24261) was supplied by Sigma-Aldrich (St. Louis, MO, USA). Di-potassium hydrogen phosphate (PubChem CID 6096956) was purchased from Nacalai Tesque Co. (kyoto, Japan). In addition, soy lecithin was provided by Kordel's Co. (CA, USA). A commercial skim milk powder was purchased from the supermarket (Kuala Lumpur, Malaysia). Hydrogenated palm kernel oil, corn syrup, and vanilla were purchased from different suppliers (Kijang vanillin, Melaka, Malaysia).
Preparation of Creamer Emulsion
Creamer emulsions were produced according to the method described by Golde and Schmidt (2005) with minor modification. Initially, the dispersed phase containing hydrogenated palm kernel oil (8 % w/w) and soy lecithin (as an emulsifier, 0.5 % w/w) was mixed in a 100-ml beaker, then covered with aluminum foil and kept in a Protech thermo-controlled water bath. The mixture was heated at 70°C and rotated at 100 rpm for 20 min in the water bath. The aqueous phase was prepared by gradually dispersing sodium caseinate (as an emulsifier, 2.5 % w/w), silicon dioxide (as an anti-caking agent, 1.0 % w/w), dipotassium hydrogen phosphate (as a stabilizer, 2.5 % w/ w), skim milk powder (7 % w/w), and corn syrup solid (15 % w/w) into 100-ml hot distilled water (70 ± 5°C). The solution was stirred with a magnetic stirrer at 100 rpm for 5 min to achieve the uniform solution free of any lumps. Subsequently, different concentrations of maltodextrin (0, 15, 20, and 25 %) and inulin (0.0, 2.5, 5.0, and 7.5 % w/w) were gradually added to the aqueous phase to prepare the continuous phase. The mixture was continuously stirred at 100 rpm for 5 min at 70 ± 5°C. In the last stage, the dispersed phase containing hydrogenated oil and lecithin was gradually added to the continuous phase. Then, the mixture was gently stirred for 10 min to prepare the coarse creamer emulsion. Finally, the coarse emulsion was homogenized by a high pressure homogenizer (APV, Crawley, UK) for two cycles at 200 and 180 MPa prior to drying. The homogenized emulsions were subjected to drum drying to prepare the drum-dried creamer. The characteristics of different creamers were compared with commercial creamer and control (0 % inulin and 15 % maltodextrin).
Drum Drying
A single stage drying was performed by a double-heated drum dryer (Simon Dryer Co. Nottingham, UK) (Fig. 1a,  b) . Drum dryer was operated by applying a thin layer of the homogenized creamer emulsion. The creamer emulsion was directly poured between two rotating drums fixed at 0.01 in drum clearance. The remaining experimental conditions were as follows: 1.7 rpm rotation speed and 190 kPa drum pressure. The poured creamer emulsion was heated by the hot steam (∼145°C). After one cycle, the dried flake creamer was removed from the surface of rotating drum by two sharp doctor blades. The collected creamer powder was cooled in a desiccator containing silica gel to remove the moisture. Then, the powder was packed in the aluminum foil, sealed, and weighted for further analysis. In the current work, the creamer powder obtained from one stage drying (drum drying only) is called as a Bregular creamer.^It should be noted that the drum-dried sample containing 0 % maltodextrin was totally burned and stocked on drum dryer wall due to its high stickiness. Hence, the creamer with 0 % inulin and 15 % maltodextrin was considered as a control.
Fluidized Bed Drying
In this study, a laboratory-scale fluidized bed dryer (Aeromatic-Fielder AG, GEA Co, Copenhagen, Denmark) was used for agglomeration purposes (Fig. 1c, d ). The fluidized bed drying conditions were set as follows: 50°C (inlet fluidizing air temperature), 5 ml/min (solution feed rate), 1.5 m/s (atomizing air pressure), and 30 min operation time. All fluidization trials were performed with 150 g regular creamer obtained from the drum dryer. The sample was placed in the chamber, and 20-ml water containing lecithin (2 %, w/ w) was sprayed (4.9 g/min, 25°C) using a two-fluid nozzle located at the top of the dryer chamber. The lecithin solution acts as a binder during fluidization, and it can modify the flowability and wettability of dried powders due to its potential surface active properties (Dhanalakshmi et al. 2011) . In order to maintain the desirable fluidization, the air flow rate was increased from 40 to 75 kg/h during fluidization under the same experimental conditions for all samples. Initially, different air temperatures (30-70°C) were tested for fluidization during our preliminary study. The preliminary study showed that the fluidization at higher temperature (>60°C) led to induce relatively dusty powder with darker color most probably because of non-enzymatic browning reaction. On the other hand, the fluidization at low temperature (<40°C) did not provide proper agglomeration, and the samples had relatively high moisture content even during long process. In most cases, no significant difference was observed among samples subjected to fluidization at 40 to 55°C. The powder agglomerated at 50°C had the most desirable characteristics among different agglomerated samples; therefore, such medium temperature (50°C) was selected for our further fluidization and agglomeration purpose. Also, a known amount (5 % w/w) of vanilla as a flavoring agent was added to the powder during agglomeration. It was not possible to add vanilla during the drum drying process because of its thermal sensitivity. When the trial duration was reached, spraying and fluidizing air flow were stopped. Finally, the agglomerated instant creamer was collected from fluidized bed dryer, weighted, packed in the aluminum bag, and kept at 8°C for further analysis. In this study, the creamer powder obtained from two-stage drying (drum drying followed by fluidized bed drying) is called Binstant creamer.M
oisture Analysis
The moisture content of coffee creamer was determined according to AOAC method 927. 05 (1990) . Moisture content was analyzed in triplicate for each sample.
Measurement of Bulk Density
Bulk density of all formulated coffee creamers was measured according to the previous method (WHO 2012) . In this method, all creamer powders were passed through a sieve (1.0 mm) to achieve uniform particles and obtain high accuracy prior to the bulk density analysis. Then, ∼5-g creamer was transferred into a 50-ml measuring glass cylinder (readable to 1 ml). The bulk density was calculated by dividing the mass (m) of powder creamer to the apparent volume (V 0 ). The bulk density was measured in triplicate for each sample based on the following equation:
Solubility Index Measurement
The solubility was measured according to the method recommended by the American Dairy Products Institute (ADPI 1992) with minor modification. Approximately, 10 g creamer powder (dry basis) was poured in a beaker and blended with 100-ml hot distilled water (70 ± 5°C) for ∼10 min. Consequently, 50 ml of the reconstituted creamer was transferred into a 50-ml tube and centrifuged (IEC-Centra GP8, MA, USA) at 3000 rpm (1089×g) for 5 min. The sediment was resuspended in hot distilled water (70 ± 5°C) and recentrifuged at 3000 rpm for 5 min. It was expressed in percentage by 100 -the volume (ml) of the remaining sediment after second centrifugation. The solubility was measured in triplicate for each sample.
Scanning Electron Microscopy
Morphology of creamer particles was monitored by a scanning electron microscope (SEM) (model LEO 1455VP with Oxford instrument and INCA software, London, UK). In this experiment, a small quantity of each sample was placed on an aluminum stub, which was covered with a double-sided adhesive tape. Then, the sample was metalized by a standard 15-nm gold layer in a BAL-TEC sputter coater system (Model SCD 005, Balzers, Liechtenstein). The application of such gold coverage led to induce a proper conductive surface prior to SEM analysis.
Determination of Glass Transition Temperature (T g )
The glass transition temperatures (T g ) of all formulated creamers were determined by a differential scanning calorimetry (DSC) (Mettler Toledo instruments DSC 823 e , Stockholm, Sweden) according to a method described by Abiad et al. (2010) with minor modification. Prior to analysis, the samples were kept overnight to reach the equilibrium moisture content (EMC). For DSC analysis, ∼8 mg sample was placed in a preweighed Perkin-Elmer aluminum pan (40 μL) without pins and then manually sealed. Then, the sealed sample was heated from 27 to 220°C at a scanning rate of 10°C/min in DSC. The glass transition temperature was determined in triplicate for each sample by STAR e thermal analysis program (version 6.0). An empty aluminum pan was used as a reference.
Sensory Evaluation
In this study, the sensory attributes of the most desirable formulated creamer and commercial creamer were tested by 30 trained panelists from different ages (22-43 years old) in Faculty of Food Science and Technology, Universiti Putra Malaysia (UPM). The sensory analysis was conducted according to the method reported by Hooda and Jood (2005) with minor modification. Initially, 100-ml reconstituted coffee was gently prepared by mixing 5-g instant coffee in 100-ml hot water. The same amounts (3 g) of the most desirable formulated creamer and commercial creamer were added to the same amount (20 ml) of the reconstituted coffee. For sensory testing, approximately 20 ml of each sample was served in glass cups and coded with three random digit numbers. Mineral water was served for rinsing the mouth after testing each sample. All panellists were advised to evaluate both samples in terms of taste, aroma, color, and overall acceptability on a 9-point hedonic scale (1 = dislike extremely; 5 = neither like nor dislike; 9 = like extremely). Two-sample t test was applied to find the significant (p < 0.05) difference between samples.
Statistical Analysis
A full factorial design was used to investigate the effect of different fat replacers and drying techniques on physicochemical properties and microstructure of regular and instant reduced-fat creamer. The sample containing 15 % maltodextrin and 0 % inulin was considered as a control. The significant (P < 0.05) difference among samples was assessed by determining the moisture content, bulk density, solubility, morphology, and glass transition temperature (T g ) of the regular and instant reduced-fat creamer. The data was subjected to the one-way and two-way analysis of variance (ANOVA) to determine the significant (P < 0.05) difference among all samples (Tables 1  and 2 ). The data were analyzed by using Minitab version 16.0 (Minitab Inc., State college, PA, USA). The Student's t test was applied to analyze the significant (P < 0.05) difference among mean samples before and after applying two-stage drying process at 95 % confident level. The significant degree of all independent variables was determined by P-value and F-ratio (Tabatabaee Amid and Mirhosseini 2012). The independent variable with a higher F-ratio (or smaller P-value) has a more significant effect on the response (Mirhosseini et al. 2009 ).
Results and Discussion
Moisture Content of Regular and Instant Reduced-Fat Creamers Figure 2a , b shows the moisture content of all formulated creamers. The results showed that the moisture content of the reduced fat creamer was significantly influenced by the fat replacer content (maltodextrin and inulin) and drying procedure (one-and two-stage drying). In this regard, the effect of fat replacer content on the moisture content of the creamer was more considerable than in the drying procedure. The regular creamers had different moisture contents ranging from 2.46 to 4.97 % as compared to the commercial creamer (2.47 %); while the instant creamers had lower moisture content (ranging from 2.2 to 4.7 %) than the regular creamers with similar formulations (Fig. 2a) . However, such difference between the moisture content of regular and instant creamers with similar formulations was not significant (P > 0.05). As shown in Table 1 , both single and interaction effects of inulin and maltodextrin had significant impacts on the moisture content. In this regard, maltodextrin had more significant effect than inulin on the moisture content as shown by its higher F-ratio.
The regular and instant control (A) containing 15 % maltodextrin and 0 % inulin had the highest moisture content among all formulated creamers. Conversely, the regular and instant creamers (L) containing 25 % maltodextrin and 7.5 % inulin had the lowest moisture content among all formulated samples (Fig. 2a, b) . It should be noted that the moisture content can significantly affect the glass transition and crystallization behavior, flowability, stickiness, and storage stability of the powder (Goula and Adamopoulos 2005) . In fact, the powder with lower moisture content has better flowability, more desirable thermal behavior, less stickiness and caking issues, and longer shelf life than the powder with higher moisture content has. In addition, the microbial growth in the powder is substantially influenced by its moisture content. Therefore, it is expected that the regular and instant creamer L has long shelf life and low stickiness and caking issues as compared to the control and other formulated samples with higher moisture content.
As mentioned earlier, the reduction or removal of moisture content not only affects the overall quality and shelf life of the powder, but also facilitates its handling, transportation, and storage (Bröckel et al. 2006) . Therefore, it is recommended to control the formulation and apply a proper drying process, which result in the powder with lower moisture content. In this study, the moisture content of the regular creamer was markedly decreased by increasing the contents of inulin and maltodextrin in the formulation. The similar finding was also reported by Kha et al. (2010) . On the other hand, the moisture content of the creamer was decreased by the agglomeration and fluidization process (Fig. 3) . In fact, the instant creamers from two-stage drying showed lower moisture content than did the regularcreamer with similar formulations from one-stage drum drying only ( Fig. 3a-d ). This might be attributed to a relatively long residence time (about ∼30 min) of fluidization process. This could also be explained by warm air (50°C), which was gently injected throughout fluidized bed dryer chamber. The injection of such warm air led to cause more efficient water evaporation from the surface of the particles. This results in the formation of the less sticky agglomerated particles with lower moisture content. This observation was in accordance with the previous finding reported by Cruz et al. (2005) .
Bulk Density of Regular and Instant Reduced-Fat Creamers
The bulk density exhibits a perspective from the arrangement of the particles to packing and compaction of the material (Singah et al. 2010 ). The bulk density of the powder is mainly influnced by the amount of air occluded in each particle granule, interstital air between particles, true or absolute density of powder, moisture content, and particle size (Schuck et al. 2012 ). The bulk density of regular creamers ranged from 0.27 to 0.65 g/cm 3 . The instant creamers was lower than the regular creamer with similar formulations ranging from 0.125 to 0.55 g/cm 3 . The instant creamer L (containing 7.5 % inulin and 25 % maltodextrin) ) among all formulated creamers. Different bulk densities of regular creamers could be explained by different inulin and maltodextrin amounts incorporated to the formulations, which significantly affected the particle size, moisture content, and bulk density of the creamer.
The bulk density of the creamer was more significantly (P < 0.05) influenced by the content of inulin and maltodextrin than by the drying procedure (Fig. 4a, b) . For instance, the regular and instant creamers with similar formulations did not exhibit significantly different bulk densities; while the regular samples containing different inulin and/or maltodextrin contents had significantly different bulk densities in most cases. In addition, the effect of maltodextrin on the bulk density was more considerable than the inulin effect as shown by its higher F-ratio (Table 1) . As reported by Goula and Adamopoulos (2008) , the addition of maltodextrin with skin-forming characteristics into the product formulation might result in the accumulation of the air inside the particles, thereby inducing lower bulk density in final powder. The results indicated that the interaction of inulin and maltodextrin did not have any significant (P > 0.05) effect on the bulk density of both regular and instant creamers ( Table 1) .
The results indicated that the bulk density of the creamer decreased as its moisture content was decreased. In general, the regular or instant creamers with lower moisture content had lower bulk density and vise versa (Figs. 1 and 4) . This indicated that the reduction of moisture content led to reduce the bulk density. Similar finding was also reported by Jakubczyk et al. (2010) . They reported that the bulk density of apple juice powder was markedly decreased by reducing its moisture content and increasing its maltodextrin level from 6 % to 15 %. On the other hand, the bulk density of the creamer was decreased by agglomeration via fludized bed drying. In fact, the instant creamers from two-stage drying had lower bulk density, higher porosity, smaller particles, and higher moisture content than the regular creamer with similar formulations from one-stage drying. This indicates the significant (P < 0.05) effect of agglomeration and fluidization on the porosity and size of creamer particles, thus affecting its bulk density. Similar findings were also reported by Dhanalakshmi and Bhattacharya (2014) . The researchers reported that the bulk density of turmeric powders was markedly decreased after agglomeration. In fact, the agglomeration process led to significant reduction of bulk density, thus lowering stickiness of particles (Goula and Adamopoulos 2010) . Figure 5c , d displays SEM micrograph of instant creamers. The results show that the regular drum-dried granules had compact and irregular microstructure with sharp edges (Fig. 5a, b ). The indentation in particle structure could be because of crushing creamer particles. The compact structure of drum-dried granules might be due to deaeration of creamer during drum drying. Caric (2003) also reported almost similar microstructure for drum-dried milk powder. Drum-dried sheets has one smooth side, which is directly contacted with the drum surface; while another side is corrugation and crinkled (Caric' 2003) . This might be responsible for the compact and irregular microstructure of drum-dried powders. As shown in Fig. 5a , b, fat replacers (i.e., maltodextrin and inulin) showed a considerable (P < 0.05) effect on the microstructure of tested-samples. The regular creamers containing higher amount of maltodextrin (25 %) and inulin (7.5 %) had larger particles than the other creamers containing lower fat replacers, respectively (Fig. 5a, b) . The enlargement of creamer a b c d particles was observed by increasing maltodextrin and inulin contents in the creamer formulation. This result was in accordance to SEM images reported by Jinapong et al. (2008) for soymilk powders. Jinapong et al. (2008) reported that soymilk powders with lower solid content tend to have higher particle shrinkage and smaller size than the soy milk powder with higher solid content. This study showed that the morphological characteristics of reduced-fat creamers changed markedly after agglomeration. The instant creamers exhibited irregular shaped particles similar to the regular creamers. However, they had more porous structure with fewer compact and sharper edges than the regular creamers (Fig. 5a-d) . This might be explained by the significant effect of agglomeration and fluidization on creamer particles. During agglomeration, small and fine particles are jointed together, thus forming larger particles with more desired instant properties (i.e., wettability, dispensability, and solubility) than the regular creamer particles (Kage et al. 2001) . In fact, the agglomeration caused by fluidized bed dryer led to significantly increase the interstitial air volume and porosity of powder granules. This might be responsible for the reduced amount of fine particles, thus reducing the formation of powder clump and stickiness issue after dispersion into hot water.
Particle Surface Morphology of Regular and Instant Reduced Fat Creamers
Glass Transition Temperature of Regular and Instant Reduced Fat Creamers
The glass transition temperature (T g ) is one of the most critical parameters affecting the physical properties of the powder (Le meste et al. 2002) . The improvement of glass transition temperature results in the lower stickiness issue, thereby reducing energy consumption and saving manufacturing cost. Figure 6 shows the glass transition temperature of (a) regular and (b) instant reduced-fat creamers manufactured by one-and twostage drying processes. Figure 7 shows DSC thermograms of the drum-dried creamer before agglomeration process (regular creamer) (a) and after agglomeration process (instant creamer) (b). The results showed that the glass transition temperature (onset T g ) of regular creamers was significantly increased from 36.08 to 57.32°C by increasing the content of inulin b a Fig. 6 Glass transition temperature of a regular and b instant reduced-fat creamers manufactured by one-and twostage drying processes, respectively and maltodextrin in the formulation (Fig. 6a) . This could be attributed to the substantial positive effect of inulin and maltodextrin on the molecular weight and moisture content of the creamer. A polymer with larger molecular weight (long chain lengths) has lower free volume and higher glass transition temperature (T g ) than the polymer with lower molecular weight (short chain lengths) (Fox and Flory 1950) . Therefore, the addition of such high molecular weight polymers (such as maltodextrin and inulin) to the formulation is an effective way to improve the stickiness of the material with low glass transition temperature (Bhandari et al. 1997) . Descamps et al. (2013) also reported that the glass transition temperature (T g ) of maltodextrin (DE 21) was markedly increased from −60 to 90°C with lowering moisture content from 35 to 8 % (wb.) during drying.
In this study, the regular creamer L containing 25 % maltodextrin and 7.5 % inulin had the highest glass transition temperature (57.32°C) among all regular creamers. The regular and instant control creamer (A) had the minimum glass transition temperatures (∼36 and ∼40°C) among all regular and instant creamers, respectively. The instant creamers had higher glass transition temperatures (ranging from 40.53 to 72.84°C) than the regular creamers with similar formulations (Fig. 6a, b) . In fact, the agglomeration via fluidized bed drying significantly (P < 0.05) improved the glass transition of the reduced-fat creamer. This might be explained by the significant effect of agglomeration and fluidization process on the moisture content and bulk density of the creamer. Ren et al. (2010) also reported similar observation for micronized cassava starch. As illustrated by Kasapis (2005) , the glass transition temperature is reversely proportional to the moisture content and molecular weight of the material based on the FloryFox equation. Schuck et al. (2013) also reported that the reduction of powder moisture content led to decrease the water evaporation transition and increase its glass transition temperature. In fact, pure water acts as plasticizer agent with very low glass transition temperature (−135°C). The movement of water molecules would significantly influence the structure and glass transition of powder (Akinori et al. 1998) .
In this study, the drum-dried creamer with 0 % maltodextrin and 0 % inulin was also produced. The final powder was fully sticky product with dark brown color. It did not have any similar appearance and characteristics to other powders. In addition, the production of the low fat creamer containing the low amount maltodextrin (15 %) and 0 % inulin by drum dryer was very difficult because of its high stickiness to drum surface. This might be because the creamer containing 0 % or even 15 % maltodextrin had very low glass transition temperature and high moisture content, which resulted in highly sticky powders. This study revealed that the creamers with higher moisture content and bulk density had lower glass transition temperatures than the creamers with lower moisture content and bulk density irrespective of drying procedure (Figs. 2, 4 , and 6). As stated by Peleg and Mannheim (1977) , the high moisture content of the powder may lead to the formation of interparticle liquid bridges, thereby resulting in more stickiness than the low moisture powder. When the viscosity reaches a maximum in glass transition point, the minimum free space for molecular motion is achieved. In fact, the glass transition and stickiness are highly dependent upon free space and volume among particles.
Solubility of Regular and Instant Reduced-Fat Creamers
The results indicated that the regular creamers had different solubility ranging from ∼56 to ∼88 % as compared to the commercial creamer (90 %); while the instant creamers had better solubility (ranging from ∼60 to ∼90 %) than the regular creamers with similar formulations (Fig. 8a) . This confirmed that the agglomeration process considerably improved the solubility of the instant creamers (Fig. 8a, b) . The enhancement of solubility after agglomeration process might be due to enlargement of particle size (Goula and Adamopoulo 2008) and porosity level. The large particles with higher porosity tend to be dissolved better, whereas small particles with compact Fig. 7 DSC thermograms of the drum-dried creamer before agglomeration process (regular creamer) (a) and after agglomeration process (instant creamer) (b) structure have dustier form and float on water, thus making difficulties for uneven wetting and reconstitution (Potter 1968) . In this study, significant (P < 0.05) effect of fat replacers on the creamer solubility was more considerable than drying procedure. In this regard, maltodextrin had more considerable effect than inulin on the moisture content of the creamer as shown by its higher F-ratio. Interaction of inulin and maltodextrin had significant effect on the creamer solubility (Table 1) .
In this study, the regular and instant creamer L containing 25 % maltodextrin and 7.5 % inulin had the highest solubility (∼88 and ∼90 %) among all formulated creamers. Conversely, the regular and instant controls (A) had the lowest glass transition temperatures (∼56 and ∼60 %) among all regular and instant creamers, respectively. This study revealed that the solubility of the creamer was increased by increasing inulin and maltodextrin content in the formulation (Fig. 8) . Papadakis et al. (1998) also reported similar observation. As stated by Griffin and Brooks (1989) , solubility is highly influenced by the average molecular mass of particles. The creamers containing higher maltodextrin and inulin contents had considerably (P < 0.05) lower moisture content and bulk density, higher molecular mass, larger particle size, and higher solubility than the other creamers (Figs. 2, 4, 6 , and 8). The current study revealed that the instant creamer L containing 25 % maltodextrin and 7.5 % inulin was the most desirable formulated creamer with comparable characteristics to the commercial creamer. Therefore, it was selected for sensory analysis in comparison with commercial creamer. The commercial creamer with regular fat content was chosen to evalute the quality of the most desirable formulated creamer. The results showed that the instant creamer L and commercial creamer had relatively similar sensory attributes. They had almost similar sensory scores ranging from almost 5 to 7, and there were no significant (p > 0.05) differences between them in terms of aroma, taste, and color (Table 3) . However, the instant creamer L had relatively lower aroma, taste, and color scores than the commercial creamer. Similar finding was reported by Musielak and Mierzwa (2009) . Such difference between the formulated and commercial creamers might be because of different compositions and processing conditions. The lower sensory scores of the drum dried creamer could be because of its slightly cooked taste caused by high drying temperature. The lower aroma score of the instant creamer manufactured by two-stage drying might be also due to thermal degradation of flavor compounds (Nindo and Tang 2007) . The drum dryer cylinders were heated by saturated steam with high temperature (120-170°C) (Kalogiannia et al. 2002) . Therefore, the advanced non-enzymatic browning reactions (Maillard and caramelization) caused by drum dryer might negatively affect the aroma, color, and taste of the final powder (Roos 1995 ).
Conclusion
The current study showed that the application of higher content of drying aid and fat replacer along with proper agglomeration by fluidized bed dryer resulted in the high-quality instant creamer. This shows that there is a possibility to manufacture highquality reduced-fat creamer with a more economic dryer (like drum dryer) especially if it is attached to a fluidized bed dryer for agglomeration purpose. The current study revealed that there was a direct correlation between the moisture content and bulk density of the reduced fat creamers. Conversely, the glass transition and solubility were reversely correlated with the moisture content and bulk density of the creamer. The creamers with lower bulk density and moisture content showed higher glass transition temperature and better solubility. In this study, the effect of fat replacer (inulin and maltodextrin) on the glass transition, bulk density, and other creamer characteristics was more considerable (P < 0.05) than drying procedure (one-and twostage drying). In most cases, except bulk density, the interaction of maltodextrin and inulin also had significant effect on the creamer characteristics. In this study, the instant reduced-fat creamer containing 25 % maltodextrin and 7.5 % inulin (7.5 %) from two-stage drying showed the highest quality (i.e., the highest solubility and glass transition and the lowest moisture content and bulk density) among all formulated creamers and it had comparable quality to the commercial creamer. This study can help the manufactures to produce high-quality reduced-fat creamer with the proper quality comparable with the commercial creamer.
